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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium secondary electrode having 
high discharge capacity and superior charge/discharge cycle characteristics and 
to provide its manufacturing method. 

SOLUTION: This lithium secondary battery electrode is formed by stacking 
active material thin films 2 on a collector 1. This electrode is characterized in that 
the active material thin film 2 is composed of solid solution between silicone and 



copper, and formed by alternately repeatedly stacking a layer 2a whose copper 
atom density is relatively high on a relatively low layer 2b. 
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CLAIMS 

[Claim(s)] 

[Claim 1] The electrode for lithium secondary batteries characterized by being 
the electrode for lithium secondary batteries which deposited and formed the 
active material thin film on the charge collector, and being the thin film with which 
said active material thin film consists of the solid solution of silicon and copper, 
and being the thin film with which the consistency of a copper atom was 
relatively formed by a low layer depositing repeatedly by turns relatively [ layer / 
high ]. 

[Claim 2] The electrode for lithium secondary batteries according to claim 1 with 
which the layer which is in contact with said charge collector in said active 
material thin film is characterized by the consistency of a copper atom being a 
high layer relatively. 

[Claim 3] The electrode for lithium secondary batteries according to claim 1 or 2 
with which said charge collector is characterized by being copper, nickel. 



stainless steel, a tantalum, molybdenum, and at least one sort of metallic foils 
chosen as a tungsten list from these alloys. 

[Claim 4] The manufacture approach of the electrode for lithium secondary 
batteries which is the manufacture approach of the electrode for lithium 
secondary batteries which deposits and forms an active material thin film on a 
charge collector, and is characterized by consisting of the solid solution of silicon 
and copper and the consistency of a copper atom serving as a high layer from 
the solid solution of silicon and copper relatively, and for the consistency of a 
copper atom repeating a low layer by turns, making it deposit relatively, and 
forming said active material thin film. 

[Claim 5] The manufacture approach of the electrode for lithium secondary 
batteries according to claim 4 characterized by moving said charge collector 
relatively during said active material thin film formation, for the consistency of a 
copper atom forming a high layer relatively in the plasma field in which many 
copper atoms are contained, and the consistency of a copper atom forming a 
low layer relatively in a plasma field with few copper atoms. 
[Claim 6] Moving said charge collector relatively so that a silicon target and a 
copper target may be arranged side by side and it may pass through these target 
top Among these targets and charge collectors, generate the plasma and spa 
TARRINGU is carried out. The manufacture approach of the electrode for lithium 



secondary batteries according to claim 4 or 5 cliaracterized by for tlie 
consistency of a copper atom forming a high layer relatively while the charge 
collector is approaching the copper target, and the consistency of a copper atom 
forming a low layer relatively while the charge collector is separated from the 
copper target. 

[Claim 7] The lithium secondary battery characterized by having the negative 
electrode which consists of an electrode manufactured by the approach 
indicated by any 1 term of the electrode indicated by any 1 term of claims 1-3, or 
claims 4-6, a positive electrode, and nonaqueous electrolyte. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to a lithium secondary battery at the 
electrode for lithium secondary batteries, and its manufacture approach list. 
[0002] 

[Description of the Prior Art] In recent years, cell properties, such as charge and 
discharge voltage, a charge-and-discharge cycle-life property, and a 



preservation property, are greatly influenced witli tlie electrode with which the 
lithium secondary battery with which researches and developments are done 
briskly is used. From this, improvement in a cell property is achieved by 
improving an electrode active material. 

[0003] Although per weight and per volume could constitute the cell of a high 
energy density when the lithium metal was used as a negative-electrode active 
material, the lithium deposited in the shape of a dendrite at the time of charge, 
and there was a problem of causing an internal short circuit. 
[0004] On the other hand, the lithium secondary battery using a lithium, the 
aluminum to alloy, silicon, tin, etc. as an electrode is electrochemically reported 
in the case of charge (Solid State Ionics, 113-115, p57 (1998)). [0005] 
[Problem(s) to be Solved by the Invention] However, when these lithiums (Li) 
and the metal to alloy are used as a negative-electrode ingredient, a big cubical 
expansion and contraction arise with the occlusion of a lithium, and emission, 
and since an electrode active material carries out pulverization and is desorbed 
from a charge collector, there is a problem that sufficient cycle property is not 
acquired. 

[0006] The purpose of this invention has a high discharge capacity, and it is to 
offer the electrode for lithium secondary batteries excellent in the 
charge-and-discharge cycle property, and its manufacture approach. 



[0007] 

[Means for Solving the Problem] The electrode for lithium secondary batteries of 
this invention is characterized by being the electrode for lithium secondary 
batteries which deposited and formed the active material thin film on the charge 
collector, and being the thin film with which an active material thin film consists of 
the solid solution of silicon and copper, and the consistency of a copper atom 
being the thin film with which the low layer was formed by depositing repeatedly 
by turns relatively [ layer / high ] relatively. 

[0008] The active material thin film in this invention is a thin film which consists of 
the solid solution of silicon and copper. Although it is known that silicon and 
copper will form and alloy an intermetallic compound, the active material thin film 
in this invention forms such an intermetallic compound not the solid solution. 
Silicon is a lithium and a metallic element to alloy and copper is a lithium and a 
metallic element which is not alloyed. Therefore, the cubical expansion at the 
time of the solid solution of silicon and copper carrying out occlusion of the 
lithium, since the amount of occlusion of a lithium is restricted compared with a 
silicon simple substance is controlled. 

[0009] The active material thin film in this invention is a thin film which consists of 
the solid solution of silicon and copper, and the consistency of a copper atom is 
further characterized by the high layer and being the thin film formed by a low 



layer depositing repeatedly by turns relatively relatively. In order that copper may 
not alloy [ the consistency of a copper atom ] with a lithium as mentioned above 
in a high layer relatively, the amount of occlusion of a lithium is restricted and 
cubical expansion is controlled relatively. On the other hand, in a low layer, since 
the amount of occlusion of a lithium is large, the consistency of a copper atom 
shows a big cubical expansion relatively. In this invention, since the low layer 
has deposited [ the consistency of a copper atom ] by turns repeatedly relatively 
[ layer / high ] relatively, the layer with the big expansion coefficient in the case of 
a charge reaction and the small layer have deposited repeatedly by turns. For 
this reason, distortion generated in the layer with a big coefficient of cubical 
expansion can be eased in a layer with a small coefficient of cubical expansion. 
Therefore, according to this invention, since the stress by the cubical expansion 
and contraction in the case of a charge-and-discharge reaction can be eased, 
the exfoliation from collapse of an active material thin film and the charge 
collector of an active material thin film can be controlled, and a good 
charge-and-discharge cycle property can be acquired. 

[0010] As for the low repeat period of a layer, i.e., the thickness of each class, it 
is desirable that the consistency of a copper atom is within the limits of 0.1-3 
micrometers relatively [ layer / high ] relatively. Moreover, it is desirable still more 
desirable that it is **5% or more of the average of the copper atom consistency 



(atomic %) in tlie wliole active material thin film, and the range of fluctuation of 
the copper atom consistency in a layer with a high copper atom consistency and 
a layer with a low copper atom consistency is **50% or more of the average. 
[0011] As for the layer which is in contact with the charge collector in an active 
material thin film, in this invention, it is desirable that the consistency of a copper 
atom is a high layer relatively. Since the layer with the consistency of a copper 
atom high [ this ] has the small coefficient of cubical expansion in the case of a 
charge-and-discharge reaction, it can raise adhesion with a charge collector by 
preparing such a layer so that a charge collector may be touched. 
[0012] In this invention, approaches, such as the sputtering method, a CVD 
method, a vacuum deposition method, a spraying process, and plating, can be 
mentioned as an approach of depositing an active material thin film on a charge 
collector. Also in these, the sputtering method is especially used preferably so 
that it may mention later. 

[0013] Especially if the charge collector used by this invention is a charge 
collector which can be used for the electrode for lithium secondary batteries, it is 
not limited, and at least one sort of metallic foils chosen as copper, nickel, 
stainless steel, a tantalum, molybdenum, and a tungsten list from these alloys 
can be used for it. 

[0014] The manufacture approach of this invention is the manufacture approach 



of the electrode for lithium secondary batteries which deposits and forms an 
active material thin film on a charge collector, and is characterized by consisting 
of the solid solution of silicon and copper and the consistency of a copper atom 
serving as a high layer from the solid solution of silicon and copper relatively, 
and for the consistency of a copper atom repeating a low layer by turns, making 
it deposit relatively, and forming an active material thin film. 
[0015] In the desirable aspect of affairs of following the manufacture approach of 
this invention, the plasma is generated and an active material thin film is 
deposited on a charge collector. Moreover, the charge collector between active 
material thin film formation is moved relatively, the plasma field where many 
copper atoms are contained, and a plasma field with few copper atoms are 
realized by turns, and an active material thin film is formed. The consistency of a 
copper atom specifically forms a high layer relatively in the plasma field in which 
many copper atoms are contained, and the consistency of a copper atom forms 
a low layer relatively in a PURAZU field with few copper atoms. 
[0016] In this invention, an active material thin film is preferably formed on a 
charge collector by the sputtering method. In this case, it is desirable to arrange 
a silicon target and a copper target side by side, to generate the plasma among 
these targets and charge collectors, moving a charge collector relatively so that 
it may pass through these target top, to carry out sputtering, and to form an 



active material tliin film. While the charge collector is approaching the copper 
target, the consistency of a copper atom specifically forms a high layer relatively, 
and while the charge collector is separated from the copper target, the 
consistency of a copper atom forms a low layer relatively. 
[0017] A charge collector may be moved so that a charge collector may 
reciprocate between a silicon target and copper targets, and a silicon target and 
a copper target are arranged [ two or more ], respectively, and you may make it 
move by the thin film formation approach by the above-mentioned sputtering, so 
that a charge collector may carry out sequential passage of these target top in 
an one direction. In addition, a charge collector may be moved so that it may 
reciprocate between the one side edge of the target put in order and arranged in 
this case, and an another side edge. 

[0018] The lithium secondary battery of this invention is characterized by having 
the negative electrode which consists of an electrode for lithium secondary 
batteries manufactured by the approach of the electrode for lithium secondary 
batteries of above-mentioned this invention, or above-mentioned this invention, 
a positive electrode, and nonaqueous electrolyte. 

[0019] Although especially the solvent of the electrolyte used for the lithium 
secondary battery of this invention is not limited, the mixed solvent of annular 
carbonate, such as ethylene carbonate, propylene carbonate, and butylene 



carbonate, and chain-like carbonate, such as dimethyl carbonate, methylethyl 
carbonate, and diethyl carbonate, Is Illustrated. Moreover, the mixed solvent of 
said annular carbonate and ether system solvents, such as 1, 
2-dimethoxyethane, 1, and 2-diethoxy ethane, is also illustrated, moreover ~ as 
an electrolytic solute - LiPF6, LiBF4, LiCF3S03, LIN (CF3S02)2 and LIN 
(C2F5S02)2, LIN (CF3S02) (C4F9S02), LiC(CF3S02) 3, and LiC (C2F5S02)3 
etc. - and those mixture is illustrated. Furthermore, inorganic solid electrolytes, 
such as a gel polymer electrolyte which sank the electrolytic solution into 
polymer electrolytes, such as polyethylene oxide, a polyacrylonitrile, and 
polyvinylidene fluoride, and Lil, Li3N, are illustrated as an electrolyte. The 
electrolyte of the lithium secondary battery of this invention can be used without 
constraint, unless Li compound as a solute which makes ion conductivity 
discover, and the solvent which dissolves and holds this decompose on the 
electrical potential difference at the time of charge of a cell, discharge, or 
preservation. 

[0020] as the positive active material of the lithium secondary battery of this 
invention -- LiCo02, LiNi02, LiMn 204, LiMn02, LiCoO.Snickel 0.5O2, and 
LiNiO.7CoO.2Mn 0.1O2 etc. -- lithium content transition-metals oxide and Mn02 
etc. ~ the metallic oxide which does not contain the lithium is illustrated. 
Moreover, in addition to this, if it is the matter electrochemically inserted and 



desorbed from a lithium, it can use without a limit. 
[0021] 

[Embodiment of the Invention] It is possible to change this invention suitably in 
the range which is not limited to the following examples at all and does not 
change the summary, and to carry out hereafter, although this invention is 
further explained to a detail based on an example. 
[0022] (Experiment 1) 

[Production of negative electrode] drawing 1 is the mimetic diagram showing DC 
magnetron sputtering system for forming an active material thin film on a charge 
collector 1 by the sputtering method. If a target is carried out, the silicon target 3 
and the copper target 4 are arranged side by side. As a silicon target 3, single 
crystal silicon (P type and below 1-ohmcm) is used. The copper plate is used as 
a copper target 4. 

[0023] In case an active material thin film is formed, it goes and a charge 

collector 1 moves In the silicon target 3 and copper target 4 top, as an arrow 
head shows. The width of face W1 of the silicon target 3 in the migration 
direction of a charge collector 1 is 12.5cm, and the width of face W2 of the 
copper target 4 is 2cm. Passing speed of a charge collector 1 is considered as a 
part for 5cm/. 

[0024] This is attached and moved to the electrode holder which reciprocates as 



mentioned above, using electrolytic copper foil (thickness of about 18 
micrometers) as a charge collector 1 . After carrying out vacuum suction of the 
interior of a sputtering system until it is set to 1x10 - 3 or less Pa, argon gas is 
introduced until a pressure is set to 0.5Pa from an inlet. Plasma 5 and 6 is 
generated between a silicon target 3 and the copper target 4, and a charge 
collector 1 , and the thin film which consists of the solid solution of silicon and 
copper is made to deposit on a charge collector 1 by sputtering in this condition. 
As sputtering conditions, it considered as power density:3 W/cm2, and the 
distance of the perpendicular direction between a target and a charge collector 
was set up so that it might be set to 10cm. 

[0025] Into the plasma 5 generated in the side near a silicon target 3, the 
consistency of a silicon atom is relatively high and the consistency of a copper 
atom is low relatively. Moreover, in the plasma 6 generated in the side near the 
copper target 4, the consistency of a copper atom is relatively high and the 
consistency of a silicon atom is low relatively. For this reason, while the charge 
collector 1 is approaching the silicon target 3 (i.e., while it is separated from the 
copper target 4), the consistency of a copper atom is relatively low and a high 
layer is relatively formed for the consistency of a silicon atom. While the charge 
collector 1 is approaching the copper target 4 (i.e., while it is separated from the 
silicon target 3), the consistency of a copper atom is relatively high and a low 



layer is relatively formed for the consistency of a silicon atom. Therefore, by 
making it move so that it may go and come back to a charge collector 1 between 
a silicon target 3 and the copper target 4, the consistency of a copper atom is 
relatively low, a high layer and the consistency of a copper atom have the 
relatively high consistency of a silicon atom relatively, and a low layer deposits 
[ the consistency of a silicon atom ] repeatedly by turns relatively. 
[0026] Drawing 2 is the typical sectional view showing the active material thin 
film formed as mentioned above. As shown in drawing 2 , on the charge collector 
1, low layer 2b deposits [ the consistency of a copper atom / high layer 2a and 
the consistency of a copper atom ] by turns relatively, and the active material thin 
film 2 is formed. Each low layer 2b is a layer which the consistency of high layer 
2a and a copper atom becomes [ the consistency of a copper atom ] from the 
solid solution of silicon and copper relatively. Therefore, the active material thin 
film 2 is a thin film which consists of the solid solution of silicon and copper. In 
addition, the thickness of the active material thin film 2 was about 6 micrometers. 
[0027] Next, the active material thin film with a thickness of about 1 micrometer 
was formed on the same thin film formation conditions as the above on the 
single crystal silicon wafer as a sample for secondary ion mass spectroscopy 
(SIMS). Copper concentration distribution of the thickness direction of the 
formed active material thin film was measured by secondary ion mass 



spectroscopy. Drawing 3 is drawing showing this result. It turns out that the field 
where copper concentration is high, and the field where copper concentration is 
low are repeated by turns in the thickness direction so that clearly from drawing 
3 . In the field where copper concentration is high, copper concentration is 
1x1022cm-3, in the field where copper concentration is low, it is 2.5x1021cm-3 
and the average of the copper concentration in the whole thin film has become 
5x1021cm-3. If this is converted into atomic %, in the field where copper 
concentration is high, copper concentration is 20 atom %, in the field where 
copper concentration is low, copper concentration is pentatomic % and the 
average of the copper concentration in the whole thin film has become 10 
atom %. Therefore, it turns out that copper concentration is changed in -50 to 
+100% of range of the average of copper concentration expressed with 
atomic %. 

[0028] The electrode plate which formed the active material thin film on 

electrolytic copper foil as mentioned above was cut down in 2.5cmx2.5cm 
magnitude, vacuum heat treatment of this was carried out at 150 degrees C for 2 
hours, and it considered as the negative electrode. 

[0029] LiCo02 with a [production of positive electrode] mean particle diameter of 
10 micrometers 90 % of the weight of powder, 5 % of the weight of carbon 
powder as an electric conduction agent, and 5 % of the weight of polyvinylidene 



fluoride powder as a binder were mixed, N-metliyl pyrrolidone was added and 
kneaded into the obtained mixture, and the slurry was produced. After applying 
this slurry to one side of aluminium foil with a thickness of 20 micrometers with 
the doctor blade method and drying, it cut off in 2.0cmx2.0cm magnitude, 
vacuum heat treatment of this was carried out at 150 degrees C for 2 hours, and 
it considered as the positive electrode. 

[0030] To the solvent which mixed [preparation of the electrolytic solution] 
ethylene carbonate (EC), and diethyl carbonate (DEC) by the volume ratio 3:7, 
one mol /of LiPF(s)6 was dissolved I., and the electrolytic solution was prepared. 
[0031] In the inert gas ambient atmosphere of [production of cell] argon, the 
above-mentioned negative electrode and the above-mentioned positive 
electrode were inserted in the sheathing object which consists of lamination and 
a laminate material made from aluminum through the fine porosity film made 
from polyethylene. The SOOmicro of the above-mentioned electrolytic solutions I 
was poured into this, and the lithium secondary battery was produced. The 
design capacity of a cell was 14mAh(s). 

[0032] Drawing 4 is the top view showing the produced lithium secondary battery. 
As shown in drawing 4 , through the separator 12 which consists of fine porosity 
film made from polyethylene, a positive electrode 1 1 and a negative electrode 13 
are put together, and it is inserted into the sheathing object 14. After inserting in 



the sheathing object 14, the electrolytic solution is poured in and the lithium 
secondary battery is produced by closing by closure section 14a of the sheathing 
object 14. 

[0033] Drawing 5 is a sectional view to show the combination condition of the 
electrode in the interior of a cell. As shown in drawing 5 , it is combined so that a 
positive electrode 11 and a negative electrode 13 may counter through a 
separator 12. On positive-electrode charge collector lib which consists of 
aluminum in a positive electrode 11, positive-active-material layer 11a is 
prepared, and this positive-active-material layer 11a is in contact with the 
separator 12. Moreover, in the negative electrode 13, negative-electrode active 
material layer 13a is prepared on negative-electrode charge collector 13b which 
consists of copper, and this negative-electrode active material layer 1 3a is in 
contact with the separator 12. In this example, negative-electrode active material 
layer 13a is the layer formed from the solid-solution thin film of silicon and 
copper. 

[0034] As shown in drawing 4 , positive-electrode tab 11c which consists of 
aluminum for external ejection is attached in positive-electrode charge collector 
11b. Moreover, negative-electrode tab 13c set also to negative-electrode charge 
collector 13b from the nickel for external ejection is attached, this invention cell 1 
was produced as mentioned above. 



[0035] In production of the negative electrode of [production of comparison cell] 
above, except using only a silicon target, the negative electrode was produced 
like the above and the lithium secondary battery was produced like the above. 
Let this be the comparison cell 1 . The amorphous silicon thin film is formed as an 
active material thin film of a negative electrode. 

[0036] [Charge and discharge test] The charge and discharge test was 
performed about this invention cell 1 and the comparison cell 1 which were 
produced as mentioned above. Charge was performed to 4.20V by 14mA 
constant current, and it went 4.20V low-battery charge to the pan to 0.7mA. 
Discharge was performed to 2.75V by 14mA constant current, and this was 
made into 1 cycle. It asked for the capacity maintenance factor after 50 cycles 
from the following formulas. In addition, measurement was performed at 25 
degrees C. 

[0037] The capacity maintenance factor and initial discharge capacity which 
carried out in this way and were calculated are shown in capacity 
maintenance-factor (%) =(discharge capacity of discharge capacity / 1 cycle eye 
of 50 cycle eye) x100 table 1 . 
[0038] 
[Table 1] 
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[0039] As shown in Table 1, it turns out tliat, as for tliis invention cell 1, a good 
charge-and-discharge cycle is shown by the capacity maintenance factor being 
higher than the comparison cell 1 although the twist is also low a little in initial 
discharge capacity at the comparison cell 1. 

[0040] (Experiment 2) 

It replaced with electrolytic copper foil as a [production of negative electrode] 
charge collector, and except using an electrolysis nickel foil (thickness of about 
15 micrometers), like production of the negative electrode of the 
above-mentioned experiment 1 , the active material thin film was formed on the 
charge collector, and it considered as the negative electrode. 
[0041] The positive electrode was produced like production of the positive 
electrode of [production of positive electrode] experiment 1 . 
[0042] To the solvent which mixed [production of the electrolytic solution] 
ethylene carbonate (EC), and diethyl carbonate (DEC) by the volume ratio 1:1, 
LiPF6 was dissolved [ I. ] in one mol /, and the electrolytic solution was produced. 
[0043] The lithium secondary battery as shown in drawing 6 was produced using 
the positive electrode and negative electrode which are more than [production of 



a cell], and were made and produced. 

[0044] As shown In drawing 6 , after twisting this and changing Into a flat 
condition in the condition of having arranged the separator 23 between a positive 
electrode 21 and a negative electrode 22, and having arranged the separator 23 
on a positive electrode 21 further, it inserted into the sheathing object 20. Next, 
the above-mentioned electrolytic solution was poured in into the sheathing 
object 20, opening 20a of the sheathing object 20 after impregnation was 
obturated, and this invention cell 2 was completed. 

[0045] Except using a silicon target as a [production of comparison cell] target, 
the negative electrode was produced like the above and the comparison cell 2 
was produced. The amorphous silicon thin film is formed as an active material 
thin film of a negative electrode. 

[0046] [Charge and discharge test] The charge and discharge test was 
performed about this invention cell 2 and the comparison cell 2 which were 
produced as mentioned above. After charging until charge and discharge are 
140mA constant current and were set to 4.2V, the conditions of charge and 
discharge discharged until they were set to 2.75V, and made this 1 cycle. It 
asked for the capacity maintenance factor after 20 cycles called for from the 
formula shown below. In addition, measurement was performed at 25 degrees C. 
[0047] Initial discharge capacity was shown in capacity maintenance-factor (%) 



=(discharge capacity of discharge capacity / 1 cycle eye of 20 cycle eye) x100 
table 2 after 20 cycles with the capacity maintenance factor after 20 cycles. 
[0048] 
[Table 2] 
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[0049] It turns out that this invention cell 2 shows the far good capacity 
maintenance factor compared with the comparison cell 2, and it excels in a 
charge-and-discharge cycle property so that clearly from Table 2. In experiment 
1, since electrolytic copper foil is used as a charge collector, there is diffusion of 
the copper to the active material thin film from this electrolytic copper foil, and it 
is thought that the comparatively good cycle property is acquired also in the 
comparison cell 1 . in experiment 2, it comes out, there is no effect of diffusion of 
the copper from a charge collector, and it is thought [ which uses the electrolysis 
nickel foil ] that the big difference was accepted in the cycle property between 
this invention cell 2 and the comparison cell 2 for this reason. 
[0050] Drawing 7 is a scanning electron microscope photograph in which the 
active material thin film of the negative electrode produced in the experiment 2 is 
shown. The downward white part shows the front face of an electrolysis nickel 



foil, and the thin film which consists of the solid solution of silicon and copper is 
formed on it. In the thin film, the copper atom consistency shows [ a little white 
part ] the high layer relatively. The low layer has deposited [ the copper atom 
consistency / relatively ] repeatedly by turns relatively [ layer / high ] so that 
clearly from drawing 7 . 

[0051] Drawing 8 is a scanning electrode microphotography at the time of 
forming on this the thin film which consists of the solid solution of silicon and 
copper like the above-mentioned experiment 2, after forming a copper layer with 
a thickness of 0.4 micrometers on an electrolysis nickel foil. Also in drawing 8 , a 
little white part is [ the consistency of a copper atom ] a high layer relatively. It 
turns out that a low layer deposits [ a copper atom consistency / relatively ] 
repeatedly by turns relatively [ layer / high ], and the thin film is formed. In 
addition, it is 20000 times the scale factor of drawing 7 and drawing 8 of this. 
[0052] 

[Effect of the Invention] According to this invention, discharge capacity is high 
and can consider as the lithium secondary battery excellent in the 
charge-and-discharge cycle property. 
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[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram showing the configuration in the thin film 
deposition system used in the example of this invention. 
[Drawing 2] The sectional view showing typically the active material thin film 
produced in the example of this invention. 

[Drawing 3] Drawing showing copper concentration distribution of the thickness 
direction in the active material thin film formed on the single crystal silicon wafer. 
[Drawing 4j The top view showing the lithium secondary battery produced in the 
example of this invention. 

[Drawing 5] The sectional view showing the combination structure of the 
electrode in the lithium secondary battery shown in drawing 4 . 
[Drawing 6] The decomposition perspective view showing the lithium secondary 
battery produced in the example of this invention. 

[Drawing 7] The scanning electron microscope photograph in which the active 
material thin film produced in the example of this invention is shown. 
[Drawing 8] The scanning electron microscope photograph in which the active 
material thin film produced in the example of this invention is shown. 
[Description of Notations] 



1 -- Charge collector 

2 - Active material thin film which consists of the solid solution of silicon and 
copper 

2a ~ A copper atom consistency is a high layer relatively. 
2b - A copper atom consistency is a low layer relatively. 

3 - Silicon target 

4 - Copper target 

5 6 - Plasma 

11- Positive electrode 
11a - Positive-active-material layer 
lib ~ Positive-electrode charge collector 
1 1c ~ Positive-electrode tab 

12 ~ Separator 

13 ~ Negative electrode 

13a - Negative-electrode active material layer 
13b - Negative-electrode charge collector 
13c ~ Negative-electrode tab 

14 ~ Sheathing object 

14a ~ The closure section of a sheathing object 



